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(57) Abstract: The present invention relates to a method of separating a compound from a liquid, \i^ch method comprises providing 
a separation matrix comprising at least one uncharged ligand; providing a liquid wherein the compound to be separated is present in 
a positively chained state; contacting said matrix with said liquid to adsorb the componnd; and removing the liquid. The uncharged 

Q ligands possess a quadrapole or dipole moment, allowing for a cation-p interaction between the compound and the ligand. The 
present invention also encompasses the use of a separation matrix, which comprises an uncharged group that possesses a quadrupole 

^ or dipole momenC, in said method. 
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SEPARATION METHOD 

Tftftlmical field 

The presCTit invention relates to Hie field of separation, and more specifically to 
a metiiod of separating a compound fiom a liquid, x'diich method is based on a 
novel principle of adsorbing a desired compound to a chromatographic matrix. 
The invention also encompasses a matdx useful in such a method 

Background 

One of the most widely used separation methods is chromatography. The term 
chromatography embraces a femily of closely related separation methods. The 
feature distingaishing chromatography from most otiier physical and chemical 
methods of separation is that two mutually imrniscible phases are brought into 
contact wherein one phase is stationary and the othor mobile. The sample mix- 
ture, introduced into the mobile phase, undergoes a series of interactions i.e. 
partitions many times between the stationary and mobile phases as it is beiag 
carried through the system by the mobile phase. Interactions exploit differences 
in the physical or chemical properties of the components in the sample. These 
differences govern the rate of migration of the individual components under the 
influence of a mobile phase moving througji a column containing the stationary 
phase. Separated components emerge in a certain order, depending on their in- 
teraction with the stationary phase. The least retarded component elutes first, 
the most strongly retained material elutes last. Separation is obtained when one 
component is retarded sufficientiy to prevent overlap with the zone of an adja- 
cent solute as sample components elute firom the column. 

The chromatographic methods known today can be divided into groups e.g. de- 
pendmg on the nature of the interaction between the stationary phase and the 
component to be separated From a physical pomt of view, the following classi- 
fication of interactions between molecules is normally used: 
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-iateraction between ions with net cliarges; 
-interaction between permanent dipoles; 

-iateraction between an ion and a dipole induced by it in anotiier molecule; 
-interaction between a permanent dipole and a dipole induced by it in another 
molecule; 

-iateraction between non-polar atoms or molecules, such as liie inert gases; . 
-interaction between the nuclei and electrons of one molecule with those of an- 
o^er. 

The chromatographic methods suggested up to date are based on one or more of 
said principles. Thus, for example^ in ion-exchange chromatography, the func- 
tional groups are pennanenfly bonded ionic groups with their counterions of 
opposite charge, These coxmterions can be exchanged for an eqidvalent number 
of other ions of the same sign in the mobile phase. Thus, ion-exchange chro- 
matography is limited to the analysis of ionised or ionisable compounds via 
charge-charge interactions. However, since ion exchange based separations 
have hitherto mainly been designed to provide hi^ yields of the separated 
component, the selectivities achieved are usually relatively low. This is a dis- 
advantage especially for ^pHcations where a high purity of product is essen- 
tial, such as in the drug industry. 

Altematively, chromatographic methods can be based on hydrophobic interac- 
tion between the stationary phase and the component to be separated, known as 
hydrophobic interaction chromatography (HIC). Such methods include a hy- 
drophobic stationary phase and a polar mobile phase, which is usually partly or 
fully aqueous. Polar substances prefer flie mobile phase and elute first As Ihe 
hydrophobic character of a compound increase, retention becomes longer. Gen- 
erally, the lower tiie polarity of the mobile phase, the hi^er is its eluent 
strength. Adsorption and desorption are supported by increasing or decreasing, 
respectively, the salt concentration of the Uquid or changing the charge on the 
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ligand aod/or the substance to be adsorbed/desorbed by changing pH. HIC 
methods are e.g. described in WO 9600735, WO 9609116 and US 5,652,348. 
However, in some instances, the salt required in HIC methods can be unde- 
sired, e.g. when the purity of the product is of importance, such as in drug de- 
velopment. 

An alternative method that also utilises hydrophobic interaction is bajsed on 
fhiophilic adsorbents, see e.g. Bema et al, Joumal of Chromatography A, 800 
(1998), 15 1-159. Thus, here as well, high concentrations of salt can promote 
different types of molecular interactions, and therefore thiophilic adsorbents 
will be most useful for purposes similar to the ones of the above-mentioned 
mC methods. 

Chromatography methods can also be based on affinity between the ligand and 
compoimd to be separated. Examples of such useful aflSnities e.g. are antibody- 
antigen aflBnity, metal ion affinity and receptor-ligand affinity. Thus, affinity 
based methods are very specific procedures, and consequentiy a ready-made 
medium cannot be used for more genecal applications* 

The combination of two or more of the known separation principles has been 
denoted mixed mode ion-«changers- See for example WO 9729825 (Amer- 
sham Pharmacia Biotech AB, Uppsala, Swedm), wherein mixed mode anion- 
exchangers are described. In some context, this kind of ion-exchangers is de- 
noted multi-mode ion-exchangers. However, the maia interaction utilised in 
these methods has hitherto been ionic. 

Recently, a type of ligands denoted high salt hgands (HSL) has been disclosed, 
see e.g. WO 0011605 (Amersham Phamiaoia Biotech AB, Uppsala, Sweden). 
These ligands, which all cany a charge, can flmction as mixed mode cation- 
exchange ligands, and have been sho-wn to be of interest in industrial applica- 
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tions such as protein purification, since tiiey can withstand high salt concentra- 
tions and accordingly does not require any substantial dilution of the sample. 
Naturally, these melhods are most advantageous in cases where the product is . 
obtained in a liquid where the salt concentration is already high, such as iu fer- 
mentation brolhs or cell lysates. 

However, there is wide range of applications today where separation methods 
are required. For example, the need of high purity products is well recognised 
within the field of biomedicine, when drugs are to an increased extent manu- 
fiactured by biotechnological methods. Many separation schemes used in prac- 
tice are based on a combination of two or more of the principles above, where 
the product firom a first step based one principle, such as ion exchange, is 
passed onto a second step, where it is submitted to separation based on another 
principle. Thus, each separation principle can be viewed as one tool useful in a 
toolbox, where there is a constant need of new tools. Accordingly, despite the 
known principles mentioned above, there is still a need of novel melhods to use 
as supplement, i.e. as further tools in a tool box, which is improved by in- 
creased versatility. 

Summary of the present invention 

Thus, one object of the present invention is to provide a method of separating a 
compound fi*om a liquid, which method can give a specificity that differs firom 
prior art methods. Thus, an object of the invention is to provide such a method, 
which can serve as a supplement or an alternative to known methods of separa- 
tion. 

Another object of the invention is to provide a separation matrix, which enables 
to achieve such different properties as mentioned above. 
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A fiirtlier object of the present invention is to provide a highly efificient elution 
of a compound, such as a biomolecule, from a separation matrix according to 
the invention. 



One or more of the present objects can be achieved as described in the ap- 
pended claims. FmHier embodiments and advantages of the present invention 
will appear from the detailed description that follows. 

Definitinns 

TTie term **imcliarged" is used herein for a non-ionic compound. 
An "aromatic group" means herein a conjugated hydrocarbon group wilh a 
number of % electrons that equals (4n + 2), whereiu n is a positive integer or 
zero (Huckers rule). The rule applies to hydrocarbons compoimds composed of 
only sp^-hybridized carbon atoms. Groups according to the above wherein a 
CH=CH unit has been replaced by a nitrogen or a sulphur are also included iu 
the term "aromatic groups". 

A group that possesses a "quadrapole" moment is understood to mean a "dou- 
ble dipole". Put diEferentiy, a group witihi a quadrapole moment will have no 
dipole moment because two dipoles present therein caucel each other out 
The term "cation-TC iateraction" is in some contexts referred to as "7c-cation in- 
teraction" and means tiie interaction that appears between the electron dense 
region formed adjacent to a double bond, such as a conjugated double bond, 
and a positively charged ion, Le. a cation. In general, this type of interaction 
iuvolves compounds that have a local high density of electrons from populated 
n-orbitals. It has recentiy been shown that, for simple prototypical aromatic 
systems, the cation-Tt iuteraction is most strongly influenced by an electrostatic 
term, involviug the interaction of the cation witii the large, permanent quad- 
nq)ole moment of the aromatic ring. Even though fee study of cation-7c iuterac- 
tion has been focused mainly on binding of cations to aromatic systems, cation- 
n interaction is not restricted to them - it is not a "cation-7c aromatic" interac- 
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tioa. Ethyleae, acetylene and other simple systems are fully anticipated to and 
are documented to be involved in cation-interactions (see e.g. Ma, J. C, et al., 
Chem, Rev. 97 (1997) 1303-1324). 

The term "biomolecule" is an abbreviation of a biological molecule and in- 
cludes organic molecules and compounds, such as proteins and polypeptides, 
nucleic acids, such as DNA or RNA, plastnidSj viruses, cells, organelles, such 
as nuclei, micro-organisms etc. A "biomolecule" can also be recombinandy 
manipulated organic molecule or compound, such as a fusion protein. 

Brief description of the drawings 

Figure 1 illustrates the potential interactions between a positively charged sol- 
ute and a compound with a localised high density of electrons. 
Figure 2 illustrates the ligand structure of the commercially available Phenyl 
Sepharose™ Fast Flow matrix (Amersham Biosciences AB, Uppsala, Sweden). 
Figure 3 illustrates the ligand structure of the commercially available Butyl 
Sepharose™ Fast Flow matrix (Amersham Biosciences AB, Uppsala, Sweden). 
Figure 4 shows the application of BSA according to Table 1 (experimental part) 
on a column (HR 5/5 column) packed with Phenyl Sepharose™ Fast Flow 
Figure 5 shows tiie application of IgG according to Table 1 (experimental part) 
on a column (HR 5/5 coltnnn) packed with. Phenyl Sepharose™ Fast Flow. 
Figure 6 shows the application of IgG according to Table 1 (experimental part) 
on a colunm (HR 5/5 column) packed vnth Sepharose™ 6 Fast Flow. 
Figure 7 show^ the apphcation of IgG according to Table 1 (experimental part) 
on a column (HR 5/5 colunm) packed with Butyl Sepharose™ Fast Flow, 

Detailed description of the invention 

A &st aspect of the present invention is a method of separating a compound 

from a hquid, which method comprises the steps of 

(a) Providing a separation matrix comprising at least one uncharged hgand; 
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(b) Providing a liqmd wherein the compound to be separated is present in a 
positively charged state; 

(c) Contacting said matrix with said Uquid during a sufficient period of time for 
adsorption of the compound to the matrix to occur; and 

(d) Removing the liquid from the matrix; 

wherem said uncharged ligand possesses a quadmpole or dipole moment and 
the adsorption of the compoimd to said ligand is predominated by cation-7c in- 
teraction. 

In one embodiment, the conqK)und to be separated is an organic molecule, such 
as a biomolecule, which can be a cation under the appropriate pH conditions. 
Thus, the compound can be a positively charged protein or peptide. In a spe- 
cific embodiment, said protein or peptide comprises one or more of the b^c 
amino acids, i.e, arginine (Arg), lysine (Lys), giutamine (Gin) and/or histidine 
(His). La another embodiment, the compoxmd is a protein, or peptide that com- 
prises relatively few or no aromatic amino acids. Hie compoxmd can alterna- 
tively be a plasmid, a cell, such as an animal or plant cell, a cell organelle, a 
microorganism^ a vims etc. 

In an advantageous embodiment, the purpose of the present metitod is to pro- 
vide a biomolecule of a high purity, especially a biomolecule intended for use 
within the medical field, where requirements on purity can be extremely high. 
For optimal results, the novel method according to the invention is advanta- 
geously combined with a conventional chromatograpMc process. In an alterna- 
tive embodiment, the desired product is the liquid, from which one specific un- 
desired componmt has been removed, e.g. a toxic compound or the like. 
Thus, in another embodiment, the compound to be separated is an inorganic 
substance, such as potassium, sodium etc. 

Iq step (b), the pH of the liquid may need to be adjusted to a value where the 
compound to be separated is positively charged. Said liquid can be any suitable 
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liquid wherein Hie compound to be separated can exist as a cation, e.g. an 
aqueous solution, a buffer, a broth originating from a fermentation process, etc. 
Thus, the compoxmd to be separated is provided in the liquid as a cation. In 
some cases, it may be advantageous to increase the net charge of the compound 
by iotcoducitig more positive charges. Accordingly^ in one embodiment, the 
compound to be separated has been modified to include one or more additional 
positive charges, e.g. by introduction of one or more positively charged protein 
tags such as histidine (His) tags. His tags are w&U knovvn to tiie skilled in tins 
field and such a modification can be performed according to conventional pro- 
cedures. Consequentiy, tiie present method is also useful for the separation of a 
compound, which is not originally cationic, in which case the method above is 
preceded by a step vsdierein such a positive tag is introduced. 

Accordingly, tiie present invention utilises for the first time in separation the 
kind of non-covalent binding forces tiiat nature itself utiUses to assemble the 
molecules of life, namely the binding of a positively charged compound to an 
imcharged hgand, known as cation-7C interaction. The interaction site of e.g. an 
aromatic group will essentially be over its centre, where the electric potential is 
most negative. This binding principle, which is novel in the context of separa- 
tion, has unexpectedly been shown to be sufficiently strong to allow for an effi- 
cient chromatographic separation, as illustrated in the experimental part below. 
Everi though the present inventors do not wish to be bound to a specific theory, 
it is assumed that a substantial part of the binding energy obtained e.g. by a 
phenyl group is electrostatic. Other components of the energy obtained by the 
cation-7c interaction may reflect the polarizability of the uncharged group that 
possesses a quadrupole or dipole moment, such the interaction of the cation 
with the induced dipole of an aromatic group. Donor-acceptor forces along with 
dispersion forces may also be ravolved. The essential factor for the present in- 
vention is- that the quadrupole or dipole moment will give rise to an electron 
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rich region, i.e. a region of high electron density, the properties of which have 
now been shown to be sufficient to hind a cationic compound. 

As mentioned above, the adsorption utilised in the present method is predomi- 
nated by cation-TT interaction. In one embodiment, this means tiiat the adsorp- 
tion is based on cation-Tc interaction to at least about 20%, e.g. 30% or 50%, 
and preferably at least about 75%, In a specific embodiment, the adsorption 
obtained is based on cation-7c interaction to at least about 80%, and preferably 
at least about 90%, such as at least about 95%. However, it is noted that die 
figures above refer to the interaction ligand-compound to be separated, and 
thCTefore does not include any additional interactions obtained by using spacers 
including functional groups as discussed below. 

Thus, even though cation-7c interaction has been described in a wide range of 
contexts, previous studies has been e.g. in the protein field, where focus has 
been on biospecificity. Recenfly, GaUivan, J. P. etal., Proc. Nati. Acad. Sci. 
U.S A., 96 (1999) 9459-9464 showed that cation-7i interactions are not only 
quite strong in aqueous media but also commonly found in proteiiL However, 
the recent studies have focused on molecular interactions, such as in biological 
pathways. The present invention suggests for the first time to utilise such a ca- 
tion-7i interaction for separation purposes, e.g. in chromatography. Thus, it is 
shown in the present specification that cationic biomolecules can be separated 
from a liquid using an uncharged ligand under low conductivity conditions. Put 
diflEerentiy, the present invention utilises an uncharged hydrophobic ligand in a 
hydrophilic fashion. This principle differs from the previoxisly suggested HIC 
methods, since low ionic strengths used in the present method. 

In one embodiment of the present method, the functional group of the un- 
charged ligand that possesses a quadrupole or dipole moment is a system, such 
as a conjugated system, comprising an aromatic group, a -C=C double bond or 
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a C^N triple bond. Thus, the ligand niay be selected from tiie group that con- 
sists of phenyl, cyclopentadiene, furane,.fhiophene, toluene, anisole, styrene, 
acetophenone, naphtalene and antracene, or any derivative thereof that still ex- 
hibits tiie electron density necessary for the purpose of binding a cation. Alter- 
natively, the ligand may comprise nitrogen-contairdug molecules, such as pyri- 
dine or pyrrole, but such ligands may be less preferred in acidic pH ranges 
since the nitrogen will then exhibit a positive charge that can interfere with the 
binding of the cationic compomid to be separated. The ligand can also be a 
combination of one or more such systems, and may be designed in a spatial 
configuration that favours binding of a cation. In the most advantageous case, 
such different ligands can be combined in order to provide additive effects 
thereof. Thus, an advantageous embodiment of the present method utilises 
phenyl or a functional derivative thereof wherein the quadrupole moment is es- 
sentially retained. In the present context, the term "functional" refers to the ca- 
pability of binding to a positively charged compoimd via a region of high elec- 
tron density. In addition, any substituent that has no or only a minor negative 
impact on the functional group's binding properties to a cation may be present 
However, by empirically testing the properties of a functional group as a ligand 
in cation exchange, certain substituents may be found that improve the ori ginal 
binding properties. As an example, specific substituents may participate in an 
additional hydrogen bond to specific biomolecules. Such modified ligands are 
naturally included within the term derivative above and are covered by the pre- 
sent invention^ since such routine testing will require no further inventive skills 
once the general principle of using cation-7C interaction in chromatography is 
known. Accordingly, the ligand used in the present method can be a larger 
molecule that comprises a functional group as defined above and the use of 
substituents with electron withdrawing or electron donor properties can allow 
design of the method for each specific purpose. Furthermore, one separation 
matrix may be comprised of more than one uncharged group tbat possesses a 
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dipole or quadmpole moment, such as a mixture of aromatic and non-aromatic 
fanctional groups. 

In one embodiment of fhe present method, the ligand also comprises a spacer 
separating the functional group &om the support. In a specific embodiment, 
said spacer comprises one or more further functionalities capable of interacting 
with the compound to be separated, such as by hydrogen bonding, providing a 
multi-modal chromatographic matrix Such spacer molecules, sometimes de- 
noted extenders, linkers or arms, have been described in the Hterature relating 
to varioTis chromatographic procedures and can accordingly easily be selected 
by the skilled in this field, see for example Johansson et al in Journal of Chro- 
matography, 403 (1987) 85-98: ^^Determination of the leakage from. 

The ligand, which as described above will be comprised of a functional group 
in the form of an uncharged compound optionally coupled to a spacer, is cou- 
pled to a support in accordance with well-known technologies. Such supports 
may be in the form porous or non-porous beads or particles or a monolith or a 
membrane (continuous matrices). The shape of the beads/particles may be 
spherical or irregular. The support material can for example be a 
polysaccharide gel made from dextran (Sephadex®, Amersham Biosciences 
AB, Uppsala, Sweden), agarose (Sepharose™, Amersham Biosciences AB, 
Uppsala Sweden), starch, cellulose (Sephaoel, Amersham Biosciences AB, 
Uppsala Sweden), silica, styrene-diviDylbenzeaie (DVB) (SOURCE®, 
Amersham Bioscienses AB, Uppsala, Sweden), polyacrylamide, 
polyvinylalcohol etc. Alternatively, the matrices are prepared according to 
standard methods, such as inverse suspension gelation (see e.g. S Hjerten: 
Biochim Biophys Acta 79(2), 393-398 (1964) or suspension polymerisation 
(see e.g. "Styrene based polymer supports developed by suspension 
polymerization" R Arshady: Omnica e L'Industria 70(9), 70-75 (1988)). 
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In one embodiment tiie support is first prepared, and liien coated with tiie 
present uncharged groiips, that possess a dipole or quadrupole moment, 
according to well known methods. The present kind of Ugand can also be used 
to coat other surfaces, such as a capillary colunm, a chip, a compact disc (CD) 
etc, in order render the surface useful in separation procedures wherein cation-Tc 
interaction is utilised. . 

Another novel aspect of the present invention is the use of a divinyl benzene 
matrix, such as SOURCE® available from Aimersham Biosciences AB, 
Uppsala, Sweden, directly in chromatography. In this aspect, the regions of 
high electron density formed adjacrat to styren groiq)s present on the matrix 
surface will provide the jEimctional groups of the ligands. Accordingly, the 
preparation of the ligands used in the present method can be performed as the 
separation matrix is manufactured. The above mentioned DVB-based matrices 
have hitherto been used after an appropriate modification of the surface thereoi^ 
e.g. by an activation by epichlorohydrine followed by coupling functional 
groups thereto. Naturally, novel matrices can also be prepared from other 
starting nmterials in order to provide a matrix which is directiy useful as the 
stationary phase in chromatography or similar separation processes. Such a 
novel matrix can exhibit any one or more of the above discussed uncharged 
group that possesses a dipole or quadrupole moment Thus, in another 
embodiment, the separation matrix can be prepared directiy e.g. by 
conventional emulsion techniques. 

Step (c), i,e. the adsorption step, can suitably be performed at low ionic 
strength. The nature of the liquid used, and more specifically the portion of 
water therein, will be decided depending on the separation support, as will be 
discussed below. In the present specification, it is to be understood that the 
term "low ionic strength'* corresponds to an ionic strength, which is too low for 
use in HIC methods. An example of such a low ionic strength is e.g. <0.2 M, 
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such as about 0. 1 M. Thus, since the present method can be used under condi- 
tions of very low salt strength, and without any addition of salts, the present 
separation principle differs from IHC. For example, the invention allows a 
separation that in total provides a more clean or pure end product than the HIC 
methods, since less salt will be present 

In one embodiment, the method also includes the step 
(e) Eluting the adsorbed compound. This is conveniently performed by a pH- 
gradimt/step comprising an increasing pH. Thus, the pH of the eluent is gradu- 
ally changed so that the charge of the compound to be separated changes to- 
wards a less positive charge, and subsequently becomes more and more nega- 
tively charged. If more than one compounds have adsorbed to the separation 
matrix, then the different compounds will elute at different charges depending 
on Iheir respective composition, and the one or more desired compounds are 
easily separated firom the others. In a specific embodiment, the adsorption dur- 
ing step (c) is performed at pH< pi and the desorption of the compound during 
the elution step (e) is performed at pH > pL As the skilled io. this field knows, 
pi is a measure of the isoelectric point of a compound and is defined as the pH 
at which the net charge of said compound is zero. 

In an advantageous embodiment, the elution is performed by adding an organic 
solvent, such as EtOH, DMSO, CH3CN, DMF, isopropanol etc. In this em- 
bodiment the pH is adjusted in order to ensure that the compound to be sepa- 
rated is of negative charge. 

In the present context, it is to be understood that for each ligand, a pH window 
can be defined within which the ligand is uncharged. Accordingly, the adsorp- 
tion process is run under conditions where die functional group of the ligand is 
uncharged, but for desorption and elution, the conditions can be changed so 
that the ligand becomes charged and accordingly repels the compound. 
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A washing step is optionally included before the elutioD, which washing may 
utilise any suitable buffer as is well known to the skilled in tiiis field. The steps 
discussed above for adsorption and desorption and optionally washing ace eas- 
ily perfonned by the skilled person in this field according to well known tech- 
niques and using conventional and commercially available eqiupment 

Convenientiy, the present method is run as a chromatographic process and ac- 
cordingly steps (b) and (c) are then performed at the same time, i.e, the liquid is 
added to one end of the chromatographic column to be allowed exit in tiie otiier 
end, as controlled by conventional chromatographic conditions. The Uqtud can 
be added at the top of the colmnn or at the bottom thereof^ in which case tbe 
procedure is run under expanded bed conditions. The liquid can altematively be 
brought to pass the separation matrix essentially horizontally, e.g. by use of 
cCTLtcifiigation forces. The separation matrix can then be present in a column in 
the form of a packed bed, an expanded bed, or any other conventionally used 
forai. Various formats of chromatography are known in the art and the skilled 
in tins field can easily select suitable conditions. Alternatively, the present 
method may be performed as a conventional batch-wise procedure, wherein the 
liquid is added to a matrix present m a vessel. Adsorption is allowed to take 
place, optionally with careftil stirring, and after a suitable period of time the 
liquid is removed, e.g. by filtration. Batch-wise procedures have been used for 
a long time and can be preferred in certain cases, such as where a prolonged 
adsorption time is expected 

A fiirthCT aspect of the present invmtion is a separation matrix for use in the 
mefliod defined above comprised of a support to which one or more functional 
groups have been coupled, which, fimctional groups are uncharged groups that 
possess a quadrupole or dipole moment, which matrix is capable of adsorbing 
positively charged substances by cation-7C interaction. In the preferred embodi- 
ment, the uncharged group is a system^ such as a conjugated system, compris- 
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ing an aromatic group, a C=C double bond or a CsN triple bond. In an advan- 
tageous embodiment, the uncharged group is a phenyl group or a derivative 
thereoj^ as disoxissed above, wherein the quadnrpole moment is essentially re- 
tained. Further details regarding useful uncharged groups having a sufficient 
electron density for adsorbing cationic compounds are bs described above. 



In an advantageous embodiment of the present separation matrix, spacer mole- 
cules have been introduced to distance the functional groups from the support. 
Such spacers will for example facilitate for the functional groups to bind a 
relatively large compound, such as a protein, wilhout disturbing the binding ca- 
pacity. In an especially advantageous embodiment, the spacer molecules com- 
prise one or more further functional groups capable of interacting with the same 
compound as the uncharged groups that possesses a dipole or quadrupole mo- 
ment. Further details regardiug useful spacer molecules are as described above. 

The density of ligands present in the separation matrix according to the inven- 
tion can vary, as shown in the experimental part below. Usually, a high density 
is desired, since it normally results in a high binding capacity. However, this is 
a variable that the skilled in this field can select depending on the purpose of 
the method based on experience or simple routine testing. Considerations that 
matters to this end are e.g. the size of the compound to be separated, the spatial 
configuration of the ligand used, whether it is a colunm or a batch-wise process 
etc. 

In one embodiment, the present separation matrix is for use in cation-exchange 
chromatography, such as for separation of proteins or peptides. Thus, the 
above-described uncharged groups that possess a dipole or quadrupole moment 
are capable of binding to cations by the above-discussed cation-7c interactioiL 
This principle has never before been suggested for use m separation procedures 



wo 03/051484 PCT/SE02/02350 

16 

such as ion exchange, and it was quite unexpected that said mteraction was suf- 
ficiently strong for iMs purpose. 

As appears from the above^ the present separation matrix is for use in a method 
as defined above. Thus, in an illustrative embodiment, the present invention 
relates to a chromatographic separation matrix, wherein agarose beads have 
been provided with uncharged phenyl groups capable of binding cations, such 
as proteins, by cation-7c interaction. Preferably, the phenyl groups have been 
attached to the agarose via a suitable spacer, such as an alkyl chain to which 
one or more hydroxy groups have been attached 

Detailed description of the drawings 

Figure 1 illustrates the potential interactions between a positively charged sol- 
ute and a compound with a localised high daisity of electrons, shown here with 
an aromatic ligand. 

Figure 2 illustrates the Ugand structure of the conmiercially available Phenyl 
Sepharose™ Fast Flow matrix (Amersham Biosciences AB, Uppsala, Swe- 
den). 

Figure 3 illustrates the ligand structure of the commercially available Butyl 
Sepharose™ Fast Flow matrix (Amersham Biosciences AB, Uppsala, Sweden). 
Figure 4 shows the apphcation of BSA according to Table 1 on a column (HR 
5/5 column) packed with Phenyl Sepharose™ Fast Flow (Ligand density = 40 
Ijmol/mL gel). This figure shows that by increasing the pH of the mobile phase 
to pH 7.5, desorption of adsorbed BSA can be obtained. The pl-value of BSA is 
5. 1. Thus BSA is not attracted to the phenyl ligand as it is negatively charged at 
pH7.5. 

Figure 5 shows the apphcation of IgG according to Table 1 on a column (HR 
5/5 column) packed with Phen>4 Sepharose™ Fast Flow (Ligand density = 40 
]jmol/mL gel). This figure shows that by increasing the pH of the mobile phase 
to pH 7.5, desorption of adsorbed IgG can be obtained. The pl-value of IgG is 
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about 6. Thus IgG is not attracted to the phenyl Hgand as it is negatively 
charged at pH 7.5. 

Figure 6 shows the application of IgG according to Table 1 on a column (HR 
5/5 colmmi) packed with Sepharose™ 6 Fast Flow, and it appears that IgG is 
not adsorbed to the base matrix. 

Figure 7 shows the application of IgG according to Table 1 on a column (HR 
5/5 column) packed with Butyl Sepharose™ Fast Flow (Ligand density = 50 
fxmol/mL gel). This figure shows that a small atnount of IgG can adsorb to Bu- 
tyl Sepharose™ Fast Flow and the breakthrough capacity corresponds to 2 
mg/mL gel. However, cation-Tc int^actions cannot be the cause for the adsorp- 
tion of IgG since the butyl hgand does not possess a quadrupole moment 

EXPERIMENTAL PART 

Below, the present invention will be illustrated by way of examples. In the ex- 
periments presented, phenyl has been used as a representative uncharged group, 
but it is to be understood that any other uncharged group that possesses a quad- 
rupole or dipole moment can be expected to present similar properties in a 
separation method according to the invention. Thus, the examples are not to be 
interpreted as limiting the scope of the present application, \^iiich is defined by 
the appended claims. All references given in the present apphcation are hereby 
included herein by reference. 

Function test 

To verify that cation-vc interaction can be used for separation of biomolecules, 
different positively charged proteins were adsorbed to a separation medium 
composed of an uncharged ligand (phenyl), attached to the beaded agarose ma- 
trix Sepharose™ 6 Fast Flow OFig. 2). The ligand possesses a quadrupole mo- 
ment. 
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Two diJSereiit ligand densities of Phenyl Sepharose™ Fast How were studied, 
namely 20 pmol/mL gel and 40 |amol/mL gel. See the synthesis procedure sec- 
tion for a brief description of the production of the media. 

After adsorption desorption was accomplished at conditions where the test 
proteins are negatively charged. The separation procedure was as follows. The 
medium was packed in a colmnn and the protein was applied by pumping a 
protein solution through the column. The column was then washed to elute 
non-adsorbed proteins and after the washing step the adsorbed proteins were 
desorbed. It should be noted that both the adsorption and desorption steps were 
performed with no ertra salt added to the buffer solution used as mobile phase 
(see below). 

The media were packed in 1.0 ml HR 5/5 columns and equilibrated with 20 
column volumes of the A-buffer (25 mM acetate buffer; pH 4.0). The protein 
solutions applied to the columns were 3 .2 mg/mL bovine serum albumin (BSA), 
4. 1 mg/mL Tmrnfln immunoglobuline, 4.9 mg/mL lysozyme, 3 . 1 mg/mL ribonu- 
clease A, 1.3 mg/mL aldolase, 3.1 mg/mL cytochrome C or 3.8 mg/ml lactofer- 
rin. All proteins were dissolved ia the A-buffer. Tenmillilitres of these solu- 
tions were pumped at a flow rate of 100 cm/h (0.32 roL/min) throng the col- 
umn after equilibration with the A-buffer solution. The breakthrough capacity 
was evaluated at 10% of the maximum UV detector signal (280 nm). The 
maximimi UV signal was estimated by pumping the test solution directiy into 
the detector. The breakthrough capacity at 10% of maximum absorbanoe (Qbio) 
was calculated according to the formula: 

Qbio»/6 = (Trio%- Tjud) X C / Vc 

where Trio% is the retention time (min) at 10% of mayimimr absorbance, Trd 
the void volume time in the system (min), C the concentration of BSA (3 .2 
mg/mL) and Vc the column volume (mL). 
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The adsorbed proteins were desorbed using 100 mM phosphate biiffer solution 
(pH 7.5) containing 20% (v/v) ethanoL After desorption tihie column was 
cleaned with 1.0 M NaOH to secure that no proteins were left adsorbed to the 
medium after use. The chromatographic procedure is summarised in Table 1 
below. 

All experiments were performed at room temperature using AKTA™explorer 
100 chromatography system (Amersham Biosciences AB, Uppsala, Sweden) 
equipped with UNICORN™ 3.1 software (Amersham Biosciences AB, 
Uppsala, Sweden). 

Synthesis procedure of Phenyl Sepharose™ Fast Flow 
The two Phenyl Sepharose™ Fast Flow media used axe two commercially 
available media from Amersham Biosciences AB, Uppsala, Sweden. Both me- 
dia are prepared via a reaction between phenyl glycidyl ether and Sepharose™ 
6 Fast Flow. 

Results and discussion 

Among the non-covalent interactions that contribute to protein stability, few are 
both speci&c and strong when fully exposed iu an aqueous medixmi- There is, 
however, one relatively underappreciated non-covalent binding force which is 
potentially both speciJ&c and strong in an aqueous environment, namely cation- 
7c interaction. Recent studies have shown that cation-7i iuteractions are not only 
quite strong in aqueous media but also commonly foimd m protein structures 
(Gallrvan, J. P. et al., Proc. Nafl, Acad. ScL U.S.A., 96 (1999) 9459-9464). 
From an electrostatic point of view, the dominating coiiq)onent in cation-Ti in- 
teractions is the attraction of a positively charged molecule toward the quad- 
rupole created by the 7i-electron cloud of an aromatic ring (Minoux, H. et al., J. 
Am. Chem. Soc. 121 (1999) 10366-10372). 
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Figures 4 aad 5 illustrate that BSA and IgG caa adsorb to Phenyl Sepharose™ 
Fast Flow at acidic conditions (pH 4.0). To strengthen the electrostatic interac- 
tion between the positively charged protein and the uncharged hgand no extra 
salt was added to the mobile phase except for the buffer components. The 
breakthrough capacity (Qbio%) of BSA and IgG was determined to be 17 and 
9 A mg/ml, respectively. Figures 4 and 5 also show that by increasing the pH of 
the mobile phase to pH 7.5, desorption of adsorbed BSA and IgG can be ob- 
tained. The pl-values of BSA and IgG are 5.1 and about 6, respectively. Thus 
BSA and IgG are not attracted to the phenyl hgand as they are negatively 
charged at pH 7.5. Ethanol is added (20% VAO to the adsorption buffer to 
slightiy sharpen the elution peaks. 

The breakthrough capacity of IgG has also been tested for Phenyl Sepharose™ 
Fast Flow with low ligand density (hgand density 20 jumol/mL). The obtained 
Qbio^-value of IgG for this medium was 5.5 mg/mL. Hie Qbio%-value of IgG for 
high substituted Phenyl Sepharose™ Fast Flow (hgand density 40 jjtmol/mL) 
was 9.4 mg/mL indicating that the breakthrough capacity mcreases with ligand 
density. 

To verify that only the Ugand and not the agarose base matrix is interacting 
with the sanqple molecules, IgG was applied to a column packed with Sepha- 
rose™ 6 Fast Flow (no ligand attached to the beaded agarose matrix). Accord- 
ing to Figure 6 it can be seen that IgG is not adsorbed to the base matrix Sepha- 
rose™ 6 Fast Flow. 

To verify the importance of cation-Tc interaction m the case of Phenyl Sepha- 
rose™ Fast Flow it was also tested if IgG can adsorb to a medium based on a 
butyl hgand (Figure 3). Butyl Sepharose™ Fast Flow is a commercially avail- 
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able medium jBrom Amersham Bioscieaces AB and has a butyl ligand density 
corresponditig to 50 ]imol/mL gel. 

Figure 7 shows that a small amount of IgG can adsorb to Butyl Sepharose^ 
Fast Flow and the breakthrough capacity corresponds to 2 mg/mL geL Cation-Ti: 
interactions cannot be the cause for the adsorption of IgG since the butyl ligand 
does not possess a quadnipole moment However, the breakthrough capacity for 
Butyl Sepharose^M Fast Flow is less than 25% of the capacity observed for 
Phenyl Sepharose™ Fast Flow (ligand density 40 pmolAnL gel). These results 
radicate that the force between IgG and the Phenyl ligand is not only due to ca- 
tion-Ti interactions. However, cation-u interaction is the most important to ob- 
tain high breakthrough capacities. 

One advantage with this separation technique would be the selectivity since it is 
now clear that cation-7c interactions are an important bidding force that Nature 
use to assemble the molecules of life (Ma, J. C, et al., Chem. Rev. 97 (1997) 
1303-1324). To test this the breakthrough capacity of seven different proteins 
was measxured on Phenyl Sepharose™ Fast Flow. Table 2 below shows that it is 
a large variation in the Qbio-values of the different proteins that clearly indicate 
that high selectivity can be accompUshed with this new separation principle. 



Table 1: Chromatographic procedure for cation-Tc iateraction 



Step Rsplanation 



Solution 



Flow-rate 



Volume 



(mL/min) (mL) 



(F2)^ Sample application 
(FSy Wash out of sample 



Protein solution^ 



0.32 



10 



25 mM acetate 



0.64 



20 



excess buffer (pH 4.0) 

(F4y Desorption of adsorbed 100 mM phosphate 0.64 
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sample molecules buffer in 20% 

eflianol (pH 7,5) . 

(FSy Cleaning in place LOMNaOH 0.64 10 

(F6)^ Re-eqiiilLbration before 25 mM acetate 0.64 10 

stepF2 buffer (pH 4.0) 



^ The diff«ent steps are depicted in the presented figures. 
^ The protein solutions applied to ihe cohmm were 3.2 mg/mL bovine serum 
albumin (BSA), 4. 1 mg/mL human inununoglobuline, 4.9 mg/mL lyso2yme, 3,1 
mg/mL ribonuclease A, L3 mg/mL aldolase, 3.1 mg/mL cytochrome C or 3,8 
mg/ml lactoferrin dissolved in 25 mM acetate buffer (pH 4.0). 

Table 2: Breakthrough capacity COb u O of seven different proteins on 
Phenyl Sepharose™ Fast Flow fligand density 40 umoV triT. pen 



Protein 


BreakOirou^ capacity 
(mg/mL) 


Bovine serum albumin 


17.3 


Human IgG 


9.4 


Lysozyme 


6.5 


Lactoferrin 


5,3 


Aldolase 


5.1 


Ribonuclease A 


1.8 


Cytochrome C 


1.7 
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CLAIMS 

1 . A method of separating at least one compound from a liquid, which method 
comprises the steps of 

(a) Providing a separation matrix comprising at least one uncharged ligand; 

(b) Providing a liquid wherein the compound to be separated is present in a 
positively charged state; 

(c) Contacting said matrix with said liquid during a sufficient period of time for 
adsorption of the compound to the matrix to occur; and 

(d) Removing the liquid from the matrix; 

wherein said uncharged ligand possesses a quadrupole or dipole moment and 
the adsorption of the compound to said ligand is predominated by cation-7c in- 
teraction. 

2. A method according to claim 1, wherein the compound is a protein or pep- 
tide. 

3 . A method according to claim 2, wherein said protein or peptide comprises: 
one or more of basic amino acids, 

4. A method according to any one of the preceding claims, wherein the func- 
tional group of the uncharged ligand is a S5^tem comprising an aromatic 
group, a -C=C double bond or a CsN triple bond. 

5. A method according to claim 4, wherein the functional group is a phenyl or 
a functional derivative thereof wherein the quadrupole moment is essen- 
tially retained, 

6. A method according to any one of the preceding claims, wherein the Ugand 
is coupled to the support via a spacer, which distances the functional group 
from the support 

7. A method according to claim 6, wherein said spacer comprises one or more 
further functionalities capable of interacting wifli the compound to be sepa- 
rated, such as by hydrogen bonding, providing a multi-modal chroma- 
tographic matrix. 
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8. A metiiod according to any one of the preceding claims, wherein the ad- 
sorption of step (c) is performed nnder conditions of low salt concentration. 

9. A method according to any one of the preceding claims, which also com- 
prises the step of 

(e) Eluting at least one compound from the separation matrix. 

10. A metiiod according to claim 9» wherein the elution is performed by adding 
an organic solution. 

1 1. A method according to claim 10, wherein step (e) is performed using liquid 
\\±ierein tiie pH has been increased as compared to tiie pH of flie liquid pro- 
vided according to step (b). 

12. A method according to any one of the preceding claims, \^ch is a chro- 
matographic method. 

13. A method according to any one of the preceding claims, wherein the ad- 
sorption during step (c) is performed at a pH<pI, and the desorption dxaring 
step (e) is performed at a pH>pL 

14. Use of a divinyl benzene based chromatographic matrix to separate a com- 
pound from a liquid, wherein the compounds are provided in the liquid in a 
positively charged state, which liquid is contacted with the matrix during a 
sufficient period of time for adsorption thereof to electron dense regions 
adjacent to the conjugated systems of styrene groups present on the matrix 
surface, 

15. Use according to claim 14, wherein said adsorption is performed under con- 
ditions of low salt concentratiotL 

16. Use according to claim 14 or 15, wherein the compound to be separated is a 
protein or peptide, which preferably comprises one or more of basic amino 
acids. 

17. A separation matrix for use in a method as defined in any one of claims 1- 
13, which is comprised of a support to which one or more ftmctional groups 
have been coupled, which fimctional groups are uncharged groups that pos- 
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sess a quadrupole or dipole moment^ which matdx is capable of adsorbing 
positively charged substances by catLon-^Ti; interaction. 

18. A separation matrix according to claim 17, whereia the uncharged group is 
a system comprising a phenyl, a C=C double bond or a CHSI triple bond. 

19. A separation matrix according to any one of claims 17-19, wherein one or 
more spacers have been introduced to separate the functional groups firOm - 
the support, which spacer(s) comprise one or more further functional groups 
capable of interacting with the same cationic compound as the uncharged 
groups that possess a quadrupole or dipole moment. 
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Figure 1 
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Figure 2 



Sepharose 6 Fast Fbw 



- CH2CH(OH)CH2- 




FigureS 



Sepharose 4 Fast Flow 



- CH2CH(OH)CH2-CH2CH2CH2CH3 
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Figure 6 
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